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TITLE: FORMING TECHNIQUE USING DISCRETE HEATING ZONES 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to an apparatus and 
method for shaping a hollow body. More particularly, the 
5 present invention relates to a forming technique using a 
high pressure fluid and discreet heating zones. 

BACKGROUND AND SUMMARY OF THE INVENTION 

Hydro forming is typically used for the forming of a 
metallic component in a closed dye using internal hydraulic 
10 pressure to create a change in form of the metallic 
component. Hydroforming is primarily applied to forming of 
hollow bodies such as tubular members. Using a 

hydroforming technique, tubular members can be provided 
with unique shapes while maintaining the structural 
15 strength of the tube. In known hydroforming processes a 
metal tube is placed between two mold halves having inner 
surfaces which define the desired ultimate shape of the 
part. High pressure fluid, such as water, is introduced 
into the interior of the tube. The high pressure fluid 
20 forces the walls of the tube to expand against the 
irregular mold surfaces. In order to insure that the wall 
thickness of the tube is uniform, an axial force is also 
applied to opposite ends of the tube. The axial forces 
feed material into the deformation zone. These axial 
25 forces can become large since friction exists between the 
expanded tube and the mold. Extremely high pressure is 
required in order to accomplish satisfactory and uniform 
metal deformation against the mold halves. The prior art 
hydroforming machines are , thus , relatively complex and 
30 expensive to produce. 

The present invention provides an apparatus and method 
for providing discreet heating zones along the axial length 
of the forming mold or located discretely around the 
circumference of the tube . One zone can be heated to cause 
3 5 the heated tube portion within the zone to become more 
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elastic than the non-heated tube portions. As a result, 
reduced axial and radial pressures are required in order to 
provide the necessary metal deformation against the mold 
halves. Preferably, the heating zones are provided by way 
5 of a series of induction coils disposed along the axial 
length of the tube or discretely located around the 
circumference of the tube. Each induction coil can be 
individually energized so that select portions of the tube 
are heated in a controlled manner. Further areas of 

10 applicability of the present invention will become apparent 
from the detailed description provided hereinafter. It 
should be understood however that the detailed description 
and specific examples, while indicating preferred 
embodiments of the invention, are intended for purposes of 

15 illustration only, since various changes and modifications 
within the spirit and scope of the invention, will become 
apparent to those skilled in the art from this detailed 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

2 0 The present invention will become more fully 

understood from the detailed description and the 
accompanying drawings, wherein: 

Figure 1 is a perspective view of a forming apparatus 
according to the principles of the present invention; 
25 Figure 2 is an exploded perspective view of an end cap 

seal assembly having an inlet port for supplying 
pressurized gas to the tube; 

Figure 3 is an end view of a plug for use in the end 
cap seal assembly according to the present invention; 
30 Figure 4 is a side view of the plug shown in Figure 3; 

Figure 5 is an end view of an end cap according to the 
principles of the present invention; 

Figure 6 is a cross-sectional view taken along line 6- 
6 of Figure 5 ; 

35 Figure 7 is an end view of a plate used with the end 

cap seal of the present invention; 
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Figure 8 is a side view of the plate shown in Figure 
7 ; and 

Figure 9 is a side view of a pipe nipple of the end 
cap seal assembly according to the present invention; 
5 Figure 10a is a side view illustrating a step in a 

process according to the teachings of the present 
invention; 

Figure 10b is a side view of a subsequent step of the 
process ; 

10 Figure 11a is a side view similar to Figure 10a; and 

Figure lib illustrates a final part made by the 
process . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

With reference to the accompanying figures , the 

15 forming apparatus of the present invention will be 
described. The forming apparatus 10 includes a stationary 
mold portion 12 having a first mold cavity portion 14 
disposed therein. A plurality of multi-turn solenoid 
inductor coils 16a- 16d are provided for defining discreet 

20 heating zones 18a-18d, respectively. A second movable mold 
portion 2 0 is provided for mating with the stationary mold 
portion 12. Movable mold portion 20 includes a second mold 
cavity portion 22 . First and second mold cavity portions 
14, 22 combine to define mold cavity 23. A plurality of 

25 multi-turn solenoidal inductor coils 24a-24d are provided 
around the mold cavity portion 2 2 for defining discreet 
heating zones 18a-18d. Inductor coils 16a-16d, 24a-24d 
include inlet and outlet connectors for electrical 
connection to a controlled power source. The controlled 

30 power source provides controlled heating of each discreet 
heating zone 18a-18d as desired during the forming process. 
The inductor coils 16a-16d can be cooled by a fluid. 

A hollow member 26 is supported within mold cavity 23 
and is supported at its ends by first and second seal 
35 assemblies 28, 30, respectively. Hollow member 26 can have 
a variety of cross sectional shapes including round, 
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square, and rectangular. With reference to Figures 2-9, 
the seal assemblies 28, 30 will be described in greater 
detail. First seal assembly 28 is provided with an inlet 
port 32 which is disposed in an end cap 34. End cap 34 is 
5 provided with a shoulder portion 3 6 which is received in an 
end 26a of hollow member 26. Inlet port 32 is connected to 
an internal passage 38. Internal passage 38 is connected 
to a centrally located tapered bore 40. A pipe nipple 42 
is provided with a tapered end 44 which is received in bore 
10 40 of end cap 34. End cap 34 is provided with a plurality 
of through holes 4 6 for receiving screws 4 8 therethrough. 
End cap 3 4 can be made of a rigid material such as aluminum 
or steel . 

A plug 50 is disposed next to end cap 34. Plug 50 is 
15 provided with a central opening 52 for receiving pipe 
nipple 42 therethrough. A plurality of thru holes 54 are 
provided corresponding to thru holes 46 of end cap 34. 
Plug 50 is preferably made of an elastomeric material such 
as silicone. 

20 A plate 56 is provided adjacent to plug 50. Plate 56 

is preferably made of a rigid material such as steel . A 
central opening 5 8 is provided in the plate 56 for 
receiving pipe nipple 42. A plurality of threaded openings 
6 0 are provided for receiving the threaded ends of screws 

25 48. 

During operation, screws 4 8 are inserted through 
openings 46 of end cap 34 and openings 54 of plug 50. The 
screws are threadedly engaged with the threaded openings 6 0 
of plate 56. The seal assemblies 28, 30 are inserted into 

30 the ends 26a and 26b of hollow member 26 so that the hollow 
member 26 abuts against the shoulder 36 of end cap 34. 
Screws 4 8 can be tightened in order to compress plug 5 0 in 
order to obtain a sealed connection with hollow member 26. 
Pressurized fluid such as nitrogen gas are provided through 

35 inlet port 32 via supply line 62. It should be noted that 
seal assembly 3 0 is not provided with an inlet port. 
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A pair of hydraulic cylinders 64, 66 are provided at 
opposite ends of the stationary mold 12 and movable mold 
20. Hydraulic cylinders 64, 66 are each provided with a 
piston (not shown) disposed within each cylinder and a pair 
5 of hydraulic supply lines 68, 70 disposed at opposite ends 
of the cylinders. Pressurized fluid is provided to the 
supply lines 6 8 in order to provide a force against the 
pistons which in turn provide an axial force on the piston 
shafts 72 . The piston shafts 72 are connected to the end 
10 cap seal assemblies 28, 30. Thus, delivery of pressurized 
fluid to supply lines 6 8 provide an axial compression force 
on the tubular member 26. Providing hydraulic fluid to 
supply lines 70 will cause the piston of the hydraulic 
cylinders 64, 66 to release the axial pressure on the 
15 tubular member 26. 

In operation, a tubular member 26 is disposed between 
stationary mold 12 and movable mold 20. Movable mold 20 is 
moved in the direction of arrow "A" in order to close the 
mold which defines mold cavity 23 . First and second seal 
20 assemblies 28, 30 are inserted into the ends of tube 26. 
A pressurized fluid such as nitrogen gas is provided 
through line 62 into inlet port 32 of end cap seal assembly 
28. In addition, hydraulic cylinders 64, 66 are actuated 
to provided an axial compression force on the ends of tube 
25 26. Furthermore, inductor coils 16a-16d and 24a-24d are 
selectively activated in order to provide heat to discreet 
heating zones 18a-18d of mold halves 12 and 20. In such 
manner, one zone can be heated to cause the heated tube 
portion to become more elastic than the non-heated tube 
3 0 portions. As a result, less radial pressure is required in 
order to provide the necessary metal deformation against 
the mold halves 12, 20. Also less axial force is required 
not only due to the local increased elasticity of the tube 
but also because the unheated portion of the tube has not 
35 been expanded to create a friction resistance between the 
mold surface and the tube. By not expanding the entire 
tube at once, greater flexibility in terms of product 
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design is possible. In particular, it is easier to feed 
material to the expanding portion of the hollow member if 
the rest of the tube is not "locked up" against the mold 
surface . 

5 With reference to Figures lOa-lOb and lla-llb a 

process is illustrated wherein the induction coils 16 are 
utilized in a preliminary step to increase the wall 
thickness of a tubular member 26 in a local region 26a. The 
increased wall thickness is obtained by heating the 

10 induction coils 16 while applying an internal fluid 
pressure (represented by arrows A) and an end feeding force 
(represented by arrows B) to each of the ends of the 
tubular member 26. The heating of the tubular member 26 in 
the area of the heating zone 18 causes the tubular member 

15 2 6 to become most deformable in that region. Thus, areas 
26a of increased wall thickness are created, as shown in 
Figures 10a and 11a. Once the wall thickness is increased, 
the tubular member 26 can be formed into a final desired 
configuration 26' using a hydroforming process, as shown in 

20 Figure 10a, either with or without the discrete heating 
zones. The increased wall thickness obtained in the 
preliminary step (Figures 10a and 11a) allow the walls to 
be strategically deformed to maintain a near constant wall 
thickness after the tubular members 26 are in their final 

25 configuration. With reference to Figures lla-llb, the 
added thickness obtained in a preliminary discrete heating 
process allows the tubular member 26 to be bent into a 
final configuration 26" without the concern that the wall 
thickness will become to thin in the area of the bends 26b. 

30 The invention being thus described, it will be obvious 

that the same may be varied in many ways. Such variations 
are not to be regarded as a departure from the spirit and 
scope of the invention, and all such modifications as would 
be obvious to one skilled in the art are intended to be 

35 included within the scope of the following claims. 
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CLAIMS 

What is claimed is: 

1. An apparatus for forming hollow members 
comprising : 

a first mold portion; 

a second mold portion movable relative to said 
5 first mold portion, said first and second mold portions 

defining a mold cavity; 

a plurality of heating members disposed in said 
first and second mold portions for providing discrete 
heating zones within said mold cavity. 

2 . The forming apparatus according to Claim 1 , 
wherein said heating members include inductor coils. 

3 . The forming apparatus according to Claim 1 , 
further comprising means for applying an axial force to the 
ends of a hollow member. 

4 . The forming apparatus according to Claim 3 , 
wherein said means for applying an axial force to the ends 
of a hollow member include first and second hydraulic 
cylinders disposed at opposite ends of said first and 

5 second mold portions. 

5. The forming apparatus according to Claim 1, 
further comprising first and second end caps for supporting 
first and second ends of a hollow member, one of said first 
and second end caps including an inlet port for receiving 

5 a forming medium. 

6 . The forming apparatus according to Claim 3 , 
further comprising first and second end caps for supporting 
first and second ends of a hollow member, one of said first 
and second end caps including an inlet port for receiving 
5 a pressurized medium. 
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7. The forming apparatus according to Claim 6, 
wherein said means for applying an axial force to the ends 
of a hollow member is actuated while said pressurized 
medium is supplied to said inlet port and at least one of 

5 said heating coils is heated. 

8. The forming apparatus according to Claim 5, 
wherein said pressurized medium is a gas. 

9 . A method of forming a hollow member comprising 
the steps of: 

supporting said hollow member in a mold cavity; 
supplying a pressurized medium inside of said 
5 hollow member; 

heating a first discrete portion of said mold 
cavity beginning at a first time; and 

heating a second discrete portion of said mold 
cavity beginning at a second time after said first time. 

10. The method according to Claim 9, further 
comprising the step of applying an axial force to the ends 
of said hollow member. 

11. The method according to Claim 10, wherein a first 
inductor coil is provided for heating said first discrete 
portion of said mold cavity. 

12. The method according to Claim 11, wherein a 
second inductor coil is provided for heating said second 
discrete portion of said mold cavity. 

13 . A method of forming a hollow member comprising 
the steps of : 

supporting said hollow member in a mold cavity; 
supplying a pressurized medium inside of said 
5 hollow member; 
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heating a discrete portion of said mold cavity; 

and 

applying an axial force to at least one end of 
said hollow member. 

14. The method according to Claim 13, wherein said 
step of applying an axial force to at least one end of said 
hollow member causes a wall thickness of said tubular 
member to increase in a location corresponding to said 
discrete potion of said mold cavity. 

15. The method according to Claim 14, further 
comprising the step of further deforming said tubular 
member in a location where said wall thickness has been 
increased. 

16. The method according to Claim 15, wherein said 
step of further deforming said tubular member includes 
bending said tubular member. 

17. The method according to Claim 15, wherein said 
step of further deforming said tubular member includes the 
steps of inserting said tubular member in a second mold 
cavity, supplying a pressurized medium inside of said 
hollow member, and heating a discrete portion of said mold 
cavity corresponding to said location where said wall 
thickness has been increased. 
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